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MEMORANDUM

SUBJECT: University of Kentucky Wolbachia pipientis w AIbB Ae. acgypti EUP
S887-EUP-E review

FROM: Milutin 8. Djurickovie, M8, Biologist
Microbial Pesticides Branch, Blopesticides ar
Pollution Prevention Division (75311P)

TO: Jeannine Kausch, Regulatory Action Leader
Microbial Pesticides Br anch, Biopesticides and
Pollution Prevention Division {(73119)

. ™
Thru: John L. Kough, Ph.D., Senior Scientist > A"fﬁ‘?'} WAAL Ex;;{ Ty
Microbial Pesticides Branch, I x,:sgzs:smgc%m arul / \j

Polution Prevention Division {75117y

ACTION REQUESTED: To review the University of Kentucky Wolbachio pipienils wAlbB
EUP product identity, manufacturing process, product chemistry a.mi composition, analysis and
cestified limits, physical and chemical characteristics, and colony feeding blood for filarial
nematodes and arboviruses data to determing if the registrant has submitted adequate data to
support a FIFRA section 5 experimental use pormit.,

COMULUSION: Acceptable, provided that the registrant provides EPA with the following
data;

L The applicant should continue to provide reports from samples of the mesquito population
used to produce male wAIbR strain de. eegypri for possible infection with pathogenic viruses
such as: dengue, Eastern equine encephalitis, West Nile, other avboviruses, and lymaphatic,
subctianeous, and serous cavily fHariagis,

2. Agldress the researc §3 results reported in Dodson et al {201 «%‘k Claser & Meola (2010}, Hughes
et al (2014} and Hussain ot af (2013}, Specifically, Dodson et al { 2014y reported wAlb i% infectad
Crdex torsadiy may incresse West Nile Virus infection rates and reduce immune LONC LAPrEssion
of the RIZ i Plantiviral Toll pathway). While it s clear more research is necessary, please
address this finding and how it relates 10 de. aegypri wAIDE releases and the potential or
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probability of increased infection rates and reduced Immune gene expression of West Nile Virug
in wATE infected mosguitoes . Also, please discuss vour opinion on if these findings are dus o
host tvpe, Wolbachia strain type, and or both. Include a discussion on how other environmental
factors such a3 emperature as described by Hughes et al (2014) may influence West Nile Virus
mifection rates, immune gene expression of antiviral pathways, and transmission potential,
Reconcile the differences in the literature between Dodson et al (2014), Hughes et al (20143 and
Claser & Meola (20100, Hussain et al (20133 which reported increased host resistance to West
Mile Virus with Wodbachio presence in del gegypti amd Culex guinguwefasciatus. The differences
are most ikely due o difference in strain and imz uses, unfortunately no report wag found by
EPA that specifically discusses de. gegyprd waAlbB and West Nile Virus, EPA requests that you
perform tests of de. gegypd wAIBE males and fermales that are captured after releases 1o
determine i de. cegpt wATDB West Nile Virus posttives are found, and determine i the virus
has been enhanced relative to West Nile Virus positive de. aegypti withouwt Wolbachio.

&

3 The applicant should monitor the release of wAIbE infected Ao segypti fomales {strain at the
release sites, HPCR i3 used 1o moniior for the wATbE strain, describe how these walbB
infected formades will be di;\;;ngmﬁ;i‘af*d from the wild A4 aegypti Tomales that have mated with the
wALRE infected A cegyipyd males. In other words, how do vou make sure that the wild type

ATHE positive (using PCR) after fertilization with 2 wAIbB infected

fermales do not appes
made.

4. The '3[‘*}3§1u1§1i should perform sampling of released mosquitoes 1o confirm the rate of female
maosquitoes released,

Trapping of de. aegyi and additions] mosquitoes that co-ocour at the site and are collected
i traps; monitoring population density for an wpact of male releases.

&, Assessment Q‘f release male quality by holding o subset in a cage and monitoring
survival/fitness,

7. Mark-Release-Recapture; marking a subset of release males with dust and then monitoring for
thidr recapture; this addresses questions of the release 1w indigenous made ratlo and release male
survival,

8. Egg collection from the Held to examine for a reduction in epg haich.

4, Monitoring of epvironmental conditions (temperature, wind speed, ete.) from a local NOAA
station,

U The University of Kentucky should provide statistical analysis of their data for the inferential
power of ther clanm that 1 female wAIBB straly is expected per 230,000 individuals released.
According to Calvitt et al. (2015 the current sexing technology is such that 1% female
conlamination is expected s;ix.arzng:, n”z&h, releases. Discuss how and why your sexing technology is
superior o this,
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b Address the report by Calvitd et all (2015) that fertile crosses between wAlbA low density
males and ARWP females demonstrate that mosquitoes with differing Wolbachin strains may still
be fertile, and how this finding impacts Welbachia male release strategics. Discuss how the
finding in this study that the risk of bidirectional CT failure showdd be evaluated by sampling wild
type males prior wo field releases. And, if pertinent, present data on sampling of made pre-
refeases.

DATA REVIEW RECORD

Active Ingredient: Wolbachia pipientiv wAIBR sirain

Product Namue: Weolbachia pipientis ws AlbB strain

Cuompany Namu Urdversity of Kentucky, Entomology (88877-LUP-1)
DF Bareode: 426685

Drecision Moo SOUAAR

MEID No: 49579401 10 49579405

BACKGROUNIE

W, pripientix ts an obligate intracellulor bacterium thet s commmonly found In 65% of insects,
inchuding moesguiioes in some geographic regions of the world, and does not survive outside of
nosts. W pipdensis has been infroduced in Ae. aegypri through microinjection and interspecilic
breeding and is congidered a micrabisl pest contral agent. The presence of Wolbochio in g
mating can cause cvioplasmic incompatibility and karvogamy fatlure in the zvente. No offspring
are prochiced vesulting in o limitation on reproduction when males are introduced into a
nopulation of mosquitses that do not have Wolbaohio present or carry different straing of
Wolhachiv, Cytoplasmic incompatibility arises because of asynchrony between the maternal and
naternal pronucleus during mitosis. Wolbecohia, has not shown any indication ol being
dangerous for humans, According to inmunological test results, people were exposad ©
mosquiloes canving W pipieniis did not produce antibodies against W pipiensis. There i3 no
evidence W pipientis hax heen ever transferred 1o a person. Recently, in French Polynesia de
palynesiensis mosquitoes infected with W pipdentiy were released, and cansed a significant

reduction i egg bateh,

Muosguitoes will be shipped from the University of Kentueky 1o the Consolidated Mosquito
Abatement district in Selma, CAL Fresno County f&}wﬂ&é 43 human cases of West Nile Virus in
2044 and Ao aegvpd bas only recently been &wuké in the county, Approximately 100,000
male e segyprd infected with W pipdensis W (stable inherited wAIbB) strain are planned for
release per week for 6 months between 20135 and 2016, The mosquitoes will be released at 4
sites in Fresno County, CA where initis] population densitics gre estimated at 1,500 per site. The
sreatment grea is expected 1o extend 1o a radiug of 10 at cach release site, which are
designated as neighborhoods, Mosguito population are expected to decline and will be compared
against g chosen non treated site. Sampling of mosquitoes ot release sites will be perfonmed
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weekly at each identified plot within a site, using BG traps and ovicups. Releases may begin as
early as the fall of 2015,

While research has shown that Wolbachio presence decreases o mosquito’s capability 1o transmit
dengue, recent research has shown that an artificially introduced Wolbaohio infection ina
mosquito may cause a transmitted pathogen within a mosquito 1o possibly increase infections
rates wnd reduce antiviral pathways with West Nile Virus presence { Z_Ja‘;d%{m ot al 20143

Contrary reports by {3§e§"s&{' & Meola 2010 amd Hussain ¢t ai 2013 have shown that tncreased host
resistance to West Nile Virus with Wolbachin presence of wiMelPop ;hut not whiel) strains in
Ae. aegypii and Crlex guinguefasciaruy ocours. The research is not yet conclusive and more data
will be needed 1o understand how pathogen enhancement or suppression works.

Product Identity: (MRID 49579401)
W, pipdentis is found in rod-like and coccoid forms (0.3 10 1.3 um) and (0,25 10 0.5 um). {t was
first discovered in € pipiens and has been found in 65% of all insect species, and other
invertebrates, but does not infect vertebrates. W, pipientis is extracted from a wild type de.
albopictus donor and microinjected into an uninfected de gegypd embryvoe, Infected females
were chosen and mated with an aposymbiotic de. gegvpti male, thus creating a persistent line of
. pipdentis infected males and females due o the maternal in heritance of I piplentls, Noegg
%x ches have been observed n the laboratory when unipfected wild type de segypti type | umim
we mated with B pipdentis Ae. gegypri males in nbomtory conditions,

r'-<

Manufacturing Process: (MRID 49579400
W, pipientiy originating from de. elbopictuy is microinjected into the embryonic cytoplasm of
Avcgegvpr embryos. The microingected e, gegypti ines are designated as WEBL WEBT hnes
were tested using PCR to confirm the presence of W pipientis, iiﬁm WY lines are reared using
standard laboratory technigques. WBI eggs are hatched in deoxvgenated a0, and further reared
using municipal water in plastic pans. The larvae are fed pimderu& liver, dog, cat, and fish food
ad libinom. Before eclusion pupae are transferred to adult cages and are mmaﬁ fed a 10%
sucrose solution then blood meal. After blood meal feeding, adult females will lay eggs that are
collected for 3 conseoutive days. After a 1 week maturation period, the eggs are submerged in
deoxygenated Ha() and the rearing process is repeated, Mosquitoes in each stage of development
are kept at 28+ 0.6 *(0, 7342 %% relative humidity, and at a 16:8 hght/dark ovele. Arthropod
Containment Level - 1 procedures are followed, which does not allow for the entry or exit of
m{m;m%m:x Several times per week WEHI straln mosquitoes are morphologically examined for
confirmation of species. Every 25 generations PCR i3 done on 23 males and fomales to check
for the presence of W pipientis in WEI lnes. WBI mosguitoes pupae itended for release are
mechamically separated in order to remove females. Due 1o mechanical separation errors |
female s released per 230,000 males. The separation device consists of an aluminom plate that
supports two glass panes are separated by size. A visual sort ks done (o remove any residual
fomales. The mechanical and visual sorting is based on size. Female pupse we much tarper than
male,

Prior o release af field sites male mosquitoes are chilled at 15 °C inside petrd dishes in a cooler,
When released males are placed on a platform and exposed to ambient aly conditions to
acclimatize, after which they disperse into the environment.
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Evaluation of Welbachio wAlb-B infected Aedes gepypti and colony feeding blood for

Assays ef wAIbE infected de. aegypri are done using Vector Test Systems, Inc. test kits, see
Table 1 belew. Test are also perfermed monthly during planned releases 1o monitor for
pathogenic viruses, which will be submitted in Annual EUP reperts as the registrant has done
previously in 2813 and 2014,

Date Lot Humber ;::;“i?; i; West Mile 51 Louis Eastern Boulne | Dangus
T;*m;} Virus®  Engephatitis® Eroephatitis® Virus®

LRSI 51 1505 4 i & e ¥

& _ Tost kit numbor: WSE-KOB0; Wast Nite virus, Saint Louis Encephalifis virus and Exstern Bquine _eeo®,
Encophalids virus YL
B Tosthl numiser: DEN-KD50; Dengue 4, 2, 3, and 4 virusses vess

Dphivatod from MRID 49048851

DHSCUSSION:

Cytoplasmic incompatibility occurs at very high frequencies in matings between Wolbachia
harboring male mosquitoes and wild type females that do not harbor Weolbachia. Also, when
male and female mosquitoes that harbor different strains of Wolhachia mate, cvtoplasmic
incompatibility occurs at very high frequencies. Newly published research, has indicated that in
crosses of female mosquitoes with the ARWP strain and males with the wALRD strain is 20%
fertile (Calvitty et al 2015). In mosquito populations where Wolbachia 1s not naturally present,
for example where dengue fever is a public health problem, releases of Waolbachia-infected male
and female mosquitoes have been executed because the presence of Wolbachia reduces the
mosquito’s ability to transmit dengue. This strategy focuses on establishing Wolbachia in the
mosquito population to hmit dengue transmission. Recently, however, it has been reported that
the introductien of Welbachin wAlbE sirain into Cx. farsalis somatically (not through stable
materral inheritance) may increase West Nile Virus infection rates (Dodson et ] 2014}
Additionally, it has been discovered that somatically introduced Wolbachia may also enhance
Plasmodive infections in mosquitoes (Hughes et al 2014). These research results have been
based on somatic infections, and it is not known how Welbachiv presence in mosquitoes may
suppress or enhance pathogens under stable artificially introduced maternal inheritance and in
natural matings in the environment, Furthermore, factors such as temperature may dictate
whether a pathogen will be suppressed or enhanced. Information on the suppression or
enhancement of West Nile Virus in de. gegypti has not been reported with the exception of
reports by Glaser & Meola (2018) and Hussain et al. (2013) which show that increased mosquito
host resistance 1o West Nile Virus with whMelPop (but net wMel) strains in de. wegypii and
Culex quinguefusciatus occurs. Therefore, i1 is impossible to know if enhancement s due lo the

5
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mosquito type, Wolbachia type strain, both, laboratory conditions, or a more complex
combination of factors. Overall, it must be recognized Holbachia may have the potential to
inhibit one parasite and enhance another, therefore caution should be exercised when
implementing a Wolhachia biological control strategy (Dodson et al 2014). This cautionary
approach is especially important when more than one parasite species ococurs Or may occur
{(Hughes et al, 2014}

The current ELIP is for Fresno County, CA. From 1999 to 2014 California has reported 4,816
cases and Fresno County averages .5 10 .99 cases per 100,000 persons which is average for the
state for West Nile Virus cases per yvear (http://diseasemaps.usgs.gov/mapviewer/). However, in
2014 Fresno County reported 43 cases of West Nile Virus, which was the third highest number
of cases in California.

The registrant has claimed that 1 female de. aegypti with wAlbB Wolbachia is released per
250,000 males with Wolbachia. With such a female release rate, a stable de. aegypti population
with Wolbachia could be established that may enhance West Nile Virus presence in mosquito
populations. However, according to Calvitti et al {2015) the sexing technology allows for at

least 19 female contamination.

Owverall, more research is necessary to understand the risk involved with Wolbachic infected de.
aegyvpli releases for both establishment of a new Holbachia strain in the mosquito population and
potential enhanced virus transmission. In order to fully understand the risk involved with wAlbB
Ae. aegypti releases, mating experiments must be conducted with stable maternal wAIbB de.
aegypti carrying West Nile Virus to understand #f the virus is enhanced or suppressed and what
environmental factors may impact enhancement or suppression,

CONCLUSION: Acceptable, provided that the registrant provides EPA with the following
data;

1. The applicant should continue to provide reports from samples of the mosquito population
used 1o produce male wAIbB strain de. gegypii Tor possible infection with pathogenic viruses
such as: dengue. Eastern equine encephalitis, West Nile, other arboviruses, and lyvmphatic,
subcutaneous, and serious cavity filariasis.

2. Address the research results reported in Dodsen et al (2014), Glaser & Meola (2010}, Hughes
et al (2014) and Hussain ctal (2013), Specifically, Dodson et al (2014} reported wAlbB infected
Culex tarsadis may increase West Nile Virus infection rates and reduce immune gene expression
of the REL1 (antiviral Toll pathway). While it is clear more research is necessary, please
address this finding and how it relates to de. aegypti wAIbB releases and the potential or
probability of increased infection rates and reduced immune gene expression of West Nile Virus
in wAIbB infected mosquitoes . Also, please discuss your opinion on if these findings are due to
host type, Wolbachia strain type, and or both, Include a discussion on how other environmental
factors such as temperature as described by Hughes et al (2014) may influence West Nile Virus
infection rates, inunune gene expression of antiviral pathways, and transmission potential.
Reconcile the differences in the literature between Dodson et al {(2014), Hughes et al (2014) and
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Glaser & Meola (2010), Hussain et al (2013) which reported increased host resistance to West
Nile Virus with Wolbachia presence in de. aegypti and Culex guinguefasciatus, The differences
are most likely due to difference in strain and host uses, unfortunately no report was found by
EPA that specifically discusses de. gegypri wAIbB and West Nile Virus, EPA requests that you
perform tests of Ae. aegyipi wAIbE males and females that are captured afier releases to
determine if de. aegypri wAIBB West Nile Virus positive are found, and determine if the virus
has been enhanced relative to West Nile Virus positive Ae. aegypti without Wolbachia.

3. The applicant should monitor the release of wAIBE infected de. aegypri females (strain) at the
release sites. H PCR is used to monitor for the wAIbB strain, describe how these wAlbB
infected fomales will be distinguished from the wild A. aegypri females that have mated with the
wAIbB infected 4. aegpipi males. In other words, how do vou make sure that the wild type
females do not appear wAIbB positive {using PCR) after fertilization with a wAIbB infected
male,

4, The applicant should perform sampling of released mosquitoes to confirm the rate of female
mosquitoes released.

5. Trapping of de. aegypri and additional mosquitoes that co-occur at the site and are collected
in traps; monitoring population density for an impact of male releases.

6. Assessment of release male quality by holding a subset in a cage and moniforing
survival/fitness,

7. Mark-Release-Recapture; marking a subset of release males with dust and then monitoring for
their recapture; this addresses questions of the release to indigenous male ratio and release male
survival,

8. Egg collection from the field to examine for a reduction in egg hatch.

9. Monitoring of environmental conditions {lemperature, wind speed, ete.) from a local NOAA
station.

10, The University of Kentucky should provide statistical analysis of their data for the inferential
power of their claim that | female wAIbB strain is expected per 230,000 individuals released.
According to Calvitti et al. (2013) the current sexing technology is such that 1% female
contamination is expected during male releases. Discuss how and why your sexing technology s
superior to this,

P Address the report by Calvitti et al. (2013) that fertile crosses between wAlbA low density
males and ARwP females demonstrate that mosquitoes with differing Wolbachia straing may stll
be fertile, and how this finding impdC‘ib Wolbachia male release strategies. Discuss how the
findding in this study that the risk of bidirectional CT failure should be evaluated by sampling wild
tvpe males prior to Geld releases. And, if pertinent, present data on sampling of male pre-
relfease.
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